Recently, there has been a debate as to whether bioethanol should replace some portion of gasoline for fuels in South Korea, as energy security as well as climate change issues are rising as a significant national agenda. However, a considerable amount of subsidy will be required to compensate for the higher price of bioethanol-blended gasoline. In this context, government subsidy will obtain justification only when the positive social gains from consuming bioethanol for fuels can exceed the negative social costs. Through a nation-wide choice experimental survey, we examine if South Koreans have a positive value as well as non-linear preferences on substituting bioethanol for gasoline. The results reveal that the willingness to pay for purely domestic bioethanol-blended gasoline within 10% is about 52 KRW; Koreans have concave preferences on the blending ratio of bioethanol to gasoline. The turning point of the blending ratio of bioethanol was 6.5%. Also, we found inverse U-shaped curve between income and bioethanol choice probability and the turning point of the income was calculated as 250~299million KRW. Politically conservative propensity advocates uses of bioethanol blended gasoline, but awareness on bioethanol or more weights on environmental conservation have significantly negative effects on the choice of bioethanol. However, the design of the survey questionnaire is incompatible with the RFS of Korea and assumes orthogonality among the following four interrelated attributes: (i) domestic or offshore procurement of feedstocks in the case of domestic production, (ii) domestic production or import of bioethanol, (iii) the blending ratios, and (iv) the retail price increases. In addition, the results of model estimation and of model selection test are not definite. Hence, the results in this study should not be directly applied to the design of the specifics of the Korean RFS. Hence, the results in this study require cautions in applying to the design of the Korean RFS policy.
I. Introduction
Renewable Fuel Standard (RFS) was enacted in South Korea in June of 2013 and will be implemented in the beginning of 2015. The United States, Brazil and several European countries have already implemented the RFS in order to substitute fossil fuels with biofuels, such as bioethanol, biodiesel or biogas. Nontheless, concerning the utilization of biofuels, there have been on-going debates on issues such as agflation due to the excessive fuel demand on feedstock (World Bank, 2008), destruction of tropical forests and inefficiency of government subsidy on agriculture for biofuel feedstock (Hill et al., 2006) . In numerous countries that have implemented the RFS, such as the USA and EU countries, biofuels have been produced and blended with petroleum even if the prices of biofuels were not competitive relative to petroleum prices. A substantial amount of subsidy as well as oil tax exemption has been paid to the suppliers of feedstock for biofuels, biofuel producers and consumers of biofuels (Ferris and Joshi, 2004; de Gorter and Just, 2007; Vedenov and Wetzstein, 2008) .
Before the government intervenes in the bioethanol market, it is important to investigate preference structure of potential consumers on the bioethanol as well as a willingness to pay (WTP) for a higher bioethanol-blended gasoline price relative to the conventional gasoline price. Positive WTP for bioethanol might justify the introduction of bioethanol through a government subsidy. Furthermore, if there exists a non-linear preference on bioethanol, it will be optimal to provide bioethanol at the turning point, where the marginal utility from consuming bioethanol is equal to zero. Moreover, the appropriate amount of government subsidy should be based on the consumer's WTP for bioethanol as well as the expected social costs.
There are several studies that have estimated consumer preferences and WTP for bioethanol in the United States. Vedenov and Wetzstein (2008) derived an optimal • 518 • U.S. ethanol subsidy as $0.22/gallon (54 KRW/liter 1) ) by estimating a theoretical model on the social benefits of bioethanol, such as enhanced environmental quality, fuel security and economic development. According to Solomon and Johnson (2009) , the WTP for biomass bioethanol was estimated as 40 cents per gallon (98.2 KRW/ liter). They used a fair share survey and a multi-part, split sample contingent valuation method for valuing biomass bioethanol. Petrolia et al. (2010) estimated values of E10 and E85 by applying the contingent valuation method with satisfaction questions; they discovered that the WTP for E10 was between 6~12 cents/gallon (15~30 KRW/liter) while the WTP for E85 was between 12~15 cents/gallon (30~37 KRW/liter). Further, they also found that politically liberal groups had higher WTP for E10 as well as E85.
Although previous studies have shown positive benefits from substituting bioethanol for gasoline, it is not known as to whether South Koreans have a positive value on the production of bioethanol and if they have linear or non-linear preferences on bioethanol supply depending on different bioethanol production pathways.
Once the appropriate amount of subsidy is determined on per liter of bioethaol production, the next step is how much of the bioethanol can be blended with gasoline. The maximum plausible blending ratio is considered as 10% (E10) because the modification of engine or flex-fuel vehicles are not available at the present stage of RFS in Korea (Lim, 2012) . For the given E10, petroleum companies have a desire to protect the market share of petroleum as large as possible, whereas bioethanol manufacturers expect to increase the bioethanol blending ratios as high as possible. Up till now, there has been no study on the amount of bioethanol Korean consumers want to demand and which specific group prefers to consume bioethanol over gasoline. Therefore, this study contributes to a desirable and stable landing of the RFS policy in Korea by examining the relationship between consumer preferences 1) Annual average a dollar value in Korean won was 1,126 in 2012.
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• 519 • and bioethanol blending ratios.
The primary objective of this study is to measure WTP for higher prices of bioethanol-blended gasoline relative to conventional gasoline prices. WTP for domestic bioethanol can be interpreted as the marginal gains from industrial and agricultural development, energy security and environmental effects. The second purpose is to examine if consumer preferences are proportional or non-linear to the increase of the bioethanol blending ratio. In Petrolia et al.(2010) , the study presented that E85 is preferred over E10 in the United States. However, they also found that other options, such as the use of a more efficient hybrid car or public transit, are more preferred over bioethanol. This implies that consumer preferences might be non-linear for higher bioethanol blending ratios if other options are considered. Third, we investigate if different income, political propensity, awareness on bioethanol or environmental conservation, and other personal characteristics affect choice of bioethanol blended gasoline. According to Solomon and Johnson (2009) and Petrolia et al. (2010) , liberal and higher income people have higher WTP for bioethanol (E10). However, Korean consumers might have a different preference structure compared to other countries.
For the purpose of investigating those three objectives, a choice experiment approach was employed in order to derive Korean petroleum consumers' WTP on social gains from bioethanol production. E3, E5 and E10 with three different production pathways which are domestic bioethanol with domestic feedstock, domestic bioethanol with imported feedstock, and imported bioethanol were considered as attributes of alternative bioethanol. Respondents were provided with the potential benefits as well as costs before they chose the most preferred option among the given choice alternatives.
In the next section, both theoretical and estimation models for the choice experiment are described. Section III summarizes the survey design for the choice experiment and descriptive statistics. In section IV, estimates for attributes are • 520 • described and the results of basic as well as extended panel econometric moels are explained. Section V discusses the findings and policy suggestions.
II. Models for Choice Experiment
One of the most widely used methods for examining the stated preferences in 
A potential consumer n chooses an alternative i if his utility   from choosing alternative i exceeds   from an alternative j. The choice probability can be transformed into a conditional logit model: 
Individual or situation specific effects can be considered as a fixed or a random effect panel model (Greene, 2008 
The panel logit fixed, random effect models and panel probit model will be applied in order to estimate the parameters of attributes in bioethanol production. 
where ′                 
2) It is straightforward that the degree of CO2 emssion reduction or environmental improvement will be positively correlated with the amount of bioethanol blending ratios.
• 523 • (   : Dummy for domestic bioethanol with domestic feedstock,    : Dummy for domestic bioethanol with imported feedstock,    : imported bioethanol, In the first section of the survey, the questions were based on the following: ownership of car, gender, age, importance of fuel price, distance to fuel station, 3 Section two includes the comparison of benefits and costs among domestic bioethanol with domestic feedstock, domestic bioethanol with imported feedstock and imported bioethanol as well as the attributes and levels of bioethanol-blended petroleum (Table a1 ). Next, we explained how the different blending ratios of bioethanol had different environmental effects (mitigation of green house gases) (Table a2 ). In section three, each respondent was asked to choose the most preferred alternative among three different fuels: two bioethanol-blended gasoline fuels (E3, E5, or E10) and opt-out option which means 100% gasoline fuel. So if one respondent chose one between two bioethanol options, a dummy for this choice had one, while if he/she chose opt-out option, the dummy had zero. The respondent had to answer nine choice sets with different combinations of attributes for the alternative fuels ( Figure a1 ).
III. Choice Experiment Design
Before the respondents could answer the choice questions, the attributes and levels of alternative bioethanol were described (Table a3 ).
Our sample was selected from car owners over 19-years-old who live in the Republic of Korea. In the sampling process, spatial as well as sex, age, education and income distribution were considered as impartially as possible. The number of samples for each region was determined according to the proportion of the total population in the region. Among the 500 samples, approximately 76% of respondents were male and 72% were between their 40s and 50s (Table a4 ). Approximately 95% of respondents graduated at least high school. About 60% of respondents earn between 3,000 and 5,000 thousand KRW monthly. The survey results of 497 respondents were used in the analysis because there were three missing answers in the survey questions. According to the prediction on the production costs, total production cost of E3 is estimated as around 20~70KRW/liter depending on different production options.
There is no prediction on production costs for E5 or E10, but if economy of scale is considered in the calculation of production costs, the price levels in our choice experiment seem to be reasonable 4) .
Because the attribute on bioethanol pathways is qualitative, an effect coding method was used intead of the dummy coding method for the purpose of avoiding IV. Results 
Parameter estimates for attributes

Parameter estimates for individual characteristics
We examined if personal characteristics and their interaction terms with the dummy variable for doestic bioethanol with the domestic feedstock can affect the probability of choosing the alternative bioethanol-blended gasoline. As table 3 shows, there is no statistically significant parameter for those variables. Although they are not significant, female, younger, and higher educated people are inclined to choose bioethanol blended gasoline more frequently. There is no significant 
Parameter estimates for awareness on environment and bioethanol
Estimation of mean and standard error of WTP
Mean value of willingness to pay (WTP) for domestic bioethanol with domestic material was calculated as about 52.34 KRW per liter based on the basic fixed effect model in table 2. WTPs for other attributes such as domestic bioethanol with imported feedstock or imported bioethanol were not estimated as they are insignificant. WTP for bioethanol blending ratio was not estimated as well as it is not our interest of concern. The WTP for an attribute A with regard to a monetary attribute C can be derived from the equation (7) which implies the marginal rate of substitution between the attribute A and the monetary attribute C (Kerr and Sharp, 2009) .
Variance of WTP was calculated by using the equation (8) the formula developed by Scarpa and Rose (2008) .
Covariance between the attribute A and monetary attribute C was calculated by variance-covariance matrix for all attributes 6) . The sample variance of the WTP for domestic bioethanol with domestic matrial was about 32.9 and standard error of the WTP was about 5.74. So, the mean value of the WTP is statistically significant within 1% level as the t value is 9.12 which is much larger than 4.5, the critical value of t with 8 of degrees of freedom at the 1% significance level. The lower limit of the mean WTP is 46.5KRW/liter and the upper limit of the mean WTP is 58.17KRW/liter. 6 ) Refer to table a5 in the appendice for covariance matrix for bioethanol attributes. 
Turning points of income and blending ratios
The basic panel fixed effect estimates show that income levels affect choice probability of bioethanol non-linearly. Figure 1 indicates the inversed U shaped curve between income levels and choice probability for bioethanol. Turning point of income levels was calculated as about income level 5, which lies between 250 and 299million KRW. Therefore at the left hand side of this income level 5, bioethanol choice probability will increase as income increases, while at the right hand side of the turning point, the probability will diminish as income increases.
I used the logit equation for plotting the inversed U shaped curve between income and bioethanol choice probability (equation 9) (Manski and Lerman, 1977) .
All the values for regressors (X) are mean values except linear and square terms for income levels and all the coefficient estimates are based on the basic fixed effect model in table 2 .
• 536 • <Figure 1> Inversed U shaped relation between income levels and choice probability of bioethanol
Notes: I used the basic fixed effect model in plotting the relation between income groups and choice probability of bioethanol. Income levels are categorized into 8 brackets. Level 1 implies the lowest income bracket (≤990,000 KRW). Each income level increases by 500,000 KRW until level 5, so level 5 is between 2,500,000 and 2,990,000 KRW. Level 6 is between 3,000,000 and 3,990,000, level 7 is between 4,000,000 and 4,990,000, level 8 is equal to or larger than 5,000,000KRW.
Similar to the relation between the income and the bioethanol choice probability, the panel fixed effect models revealed inversed U shaped curve between bioethanol blending ratio and bioethanol choice probability. Figure 2 shows the non-linear relationship between the bioethanol blending ratio and bioethanol choice probability.
The same logit equation was applied to plot the curve.
Turning point of bioethanol blending ratio was about 6.5%, so at the left hand side of this point, as the bioethanol blending ratio increases, the likelihood of people's choice of bioethanol will increase, while at the right hand side of the turning point, the probability will decline. 
